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Abstract 
This project assessed the condition of Brockport Creek and a tributary following 
removal of contaminated sediment from the tributary in 2002. Before the cleanup, PCB 
concentrations in sediments ranged from 1, 730 to 34,900 ug!kg; after the cleanup they 
ranged from 288 to 432 ug/kg, below water quality criteria for aquatic organisms and 
human health. The number of heavy metals detected in sediments after the cleanup 
decreased from 22 to eight, and their concentrations also decreased. After the cleanup, 
concentrations of metals ranged from 0.8 to 172 ug/kg; some values were above water 
quality criteria for aquatic organisms and human health, especially for Zinc. The benthic 
macroinvertebrate community at the cleanup site was severely degraded; all but one of 
the other six sampled sites exhibited characteristics of moderately polluted or disturbed 
invertebrate communities. Daphnia and larval Pimephales were more sensitive to 
sediment exposure than Hyallela and adult Pimephales. No patterns of toxicity were 
observed in relation to location of sediment samples in Brockport Creek for test organism 
weight, length or offspring production, but survival rates were generally higher in the 
area of the cleanup site than at sites farther up- and downstream in Brockport Creek. The 
cleanup of the contaminated tributary appears to have been successful, but sediment 
quality in other parts of Brockport Creek warrants further study. 
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Introduction 
Under CERCLA (the Comprehensive Environmental Response, Compensation 
and Liability Act of 1980, or Superfund law), the U.S. Environmental Protection Agency 
declared a closed industrial site near the Erie Canal in Brockport, NY a Federal superfund 
site. From the 1940s to 1986, three companies-Dyna Color-3M, General Electric, and 
Black and Decker- used the site for photo processing and to manufacture small 
appliances. During that half-century, effluents containing PCBs and metals were released 
into unlined sludge pits at the site and into a sewer line that emptied into a tributary of 
Brockport Creek, Tributary #3. The effluents in the sludge pits leached out, contaminated 
the surrounding sediments, and entered Tributary #3 that flows beneath the Erie Canal 
and through a residential neighborhood before entering Brockport Creek (Figure 1 ). 
Tests by the NY Department of Environmental Conservation (NYDEC) in 2001 
found few organisms in Tributary #3, mostly creek chubs (Semotilus atromaculatus). 
Analysis of creek chub tissues from Tributary #3 and Brockport Creek found total and 
lipid- normalized PCB levels (Aroclors 1248, 1254, 1260) ranging from 0.1 -2.4 mg/Land 
2.4-125 mg/L, respectively (Anonymous 2001). Analysis of sediments from Tributary #3 
and Brockport Creek found total PCBs (Aroclors 1242, 1254, 1260) ranging from 1.5-2.4 
mg/L, and selected metals in the mg/L range (Anonymous 2001). 
In 2002, NYDEC initiated a cleanup of the industrial site and Tributary #3 to 
where it joins Brockport Creek. Contaminated sediment (- 7,140 metric tons) was 
removed and transported to a certified hazardous waste facility, and a new streambed was 
excavated for Tributary #3. Underground drainpipes and trees in the neighborhood 
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through which Tributary #3 flowed, were contaminated with PCBs and metals, were 
removed. The purpose of my study was to evaluate if removing the contaminated 
sediment ended the potential for toxicity to aquatic organisms in Brockport Creek and 
Tributary #3. 
Chemicals of Concern 
PCBs and metals entering a stream or lake adsorb easily to organic molecules 
associated with biota and sediments in the water column. Particulates in the water column 
settle to the bottom and become part of the substrate. Through bioturbation and trophic 
interactions, PCBs and metals enter the food web through absorption and ingestion, and 
have great potential to accumulate and magnify. Uptake of PCBs and metals in flowing 
water is promoted by accumulation of contaminated sediments in depositional regions 
(Goncalves et al. 1992). 
PCBs- . Polychlorinated biphenyls are two biphenyl rings, linked by a carbon 
bond, that rotate on a single axis (Landis and Yu 1998). Chlorine molecules can 
substitute at any or all of the 10 available bonding positions (Appendix 1 ). The toxicity of 
the PCB molecule depends on the substitution positions and rotating ability of the 
biphenyl rings. The most toxic forms ·of PCBs are co-planar (non-ortho substituted) and 
resemble dioxins and furans molecularly (Landis and Yu 1998). 
Before PCBs were banned in 1976, they were found in dielectric, vacuum pump 
and heat transformer fluids, lubricants, plasticizers (e.g., in paint), and carbonless paper 
(Walker et al. 2001). Sources of pollution were from manufacturing wastes and careless 
disposal of materials containing PCBs (Walker et al. 2001). 
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-PCBs are lipophilic, which allows them to bind to a variety of macromolecules 
such as DNA and lipid rich cellular components. This can stimulate or inhibit reactions at 
specific sites on receptors and enzymes (Landis and Yu 1998). The toxicity of PCBs is 
highly co-linear with their octanol/water partition coefficients (Kaiser and Esterby 1991). 
Metals-. Metals from natural and anthropogenic sources accumulate in 
sediments of streams and lakes. Because they ionize easily in water and have strong 
positive charges, metals bind easily with organic molecules on biota and sediments in the 
water (Landis and Yu 1998, Walker et al. 2001). The toxicity of metals to organisms 
depends on the element and its compounds in water. In general, metals in ionic form or 
with higher atomic weight are more toxic than lighter, neutral or compound forms 
(Landis and Yu 1998, Walker et al. 2001). The acute effect of metals on gilled organisms 
is histological damage to the gills (Del Valls et al. 1998). Chronic effects on fish may 
include darnag~ to liver, kidney, brain, blood, or order the tissues. The mechanism of 
toxicity is usually distortion of enzyme structure and inhibition of function after chelation 
of electronegative enzymes by strongly electropositive metal ions. 
Test Organisms 
Daphnia magna (Appendix 2A) is a widespread cladoceran zooplanker in lakes 
and ponds across the northeastern and western U.S. It tolerates low oxygen conditions 
found in shallow ponds with muddy bottoms rich in organic matter (USEP A 2002). 
Daphnia has a short life span(< 14 days) and reproduces every 2-3 days, producing up to 
25 eggs per brood. It is also well adapted to live in slow moving waters and to feed on 
algal blooms rich in proteins and carbohydrates (USEPA 2002). Daphnia is frequently 
observed on the sediment surface where it is exposed to contaminants. 
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To dete1mine the toxicity of single compounds, mixtures or effluents, Daphnia is 
a useful screening organism (Landis and Yu 1998). It is sensitive to many contaminants, 
including copper, ammonia and nitrate (Adamsson et al. 1998), and several authors have 
confirmed the sensitivity of cladocerans to sediment-associated contaminants (Nebeker et 
al. 1984, Prater and Anderson 1977, Malueg et al 1983, Burton et al. 1989). Due to the 
ease of culturing cladocerans in the lab, a large database has been developed regarding 
their sensitivity to toxicants (ATSM 2005). According to Mark and Solbe (1998), it is 
possible to predict rainbow trout 96-h LC5o results within a factor of 5 using the 96-h 
Daphnia acute toxicity test. One of the most compelling reasons Daphnia and other 
cladocerans are used for toxicity testing is their importance in the food web (ATSM 
2005). Toxic effects at the bottom of the food web with Daphnia can lead to significant 
effects at the top of the food web. 
Hyalella azteca (Appendix 2B) is a freshwater amphipod found throughout North 
and South American watersheds. It is abundant in warm lakes and ponds (20-30 °C) 
during summer months; in preferred habitats they reach densities greater than 10,000 m·2 
(ATSM 2005). Hyalella is an epibenthic detritivore that burrows into soft substrates, 
feeds on bacteria and algae in the sediment, and is relatively sensitive to contaminants 
associated with sediments (Neuderfer 2000). 
Amphipods are easily cultured in the lab, with females producing an average of 
18 eggs per brood. They have short generation times and are tolerant of a range of 
physicochemical conditions in sediments. They tolerate a wide range of substrates from 
90% silt- to 100% sand-sized particles without significant effects on their survival or 
growth (USEP A 2000). Inter-laboratory experiments have confirmed that results for 
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amphipods relate well to other benthic species (USEP A 2000). Several studies show that 
Hyalella is more sensitive to metals in sediments than other test species (West et al. 1993, 
Kemble et al. 1994, Burton and Ingersoll 1994, Ingersoll et al. 1993, 1994). Its feeding 
activity and presence in the substrate make it an excellent test organism for sediment 
toxicity (USEPA 2000, Hargrave 1970). 
The fathead minnow (Pimephales promelas; Appendix 2C) is common in streams 
east of the Rocky Mountains, and is easily cultured and acclimated to laboratory 
conditions. It is highly prolific, reproducing up to 12 times a year with a maximum of 
12,000 eggs in the nest site. It tolerates a wide range of environmental conditions such as 
low dissolved oxygen concentration, high temperature, and high turbidity (USEP A 2002). 
With its wide geographic range and high reproductive rate, the fathead minnow is often 
used as a test organism. For example, Thurston et ~l. (1985) showed that fathead minnow 
96-h LCso values are good predictors of rainbow trout 96-h LCso values. 
Purpose of the Study 
The purpose of my study was to test the toxicity of sediments remaining in 
Brockport Creek and Tributary #3 after remediation. Sediment samples were used for 
acute and chronic toxicity tests on fish, cladocerans, and amphipods, and I compared my 
results to results of toxicity tests conducted before removal of contaminated sediments 
(Anonymous 2002). Benthic macroinvertebrates also were sampled in Brockport Creek 
and Tributary #3, and community health was assessed with a standard biotic index (Sharp 
et al. 2005). From these data, conclusions about the efficacy of the cleanup of Tributary 
#3 and the environmental condition of Brockport Creek were drawn. 
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Materials and Methods 
Field Sampling 
Sediment samples were collected at seven sites in Tributary #3 and Brockport 
Creek on October 30, 2003 (Figure 2); the same sites were sampled for creek chubs by 
NYDEC in 2001. At each site composite samples were collected with stainless steel 
spoons and bowls from areas of slow moving water and fine sediments to which PCBs 
and metals adsorb. Each sample was placed in a 4-L hexane rinsed plastic container and 
sealed; times, location, GPS coordinates, depth of stream and sediment composition were 
recorded. Sediments were refrigerated at 4 °C until the time of toxicity testing. 
Benthic macroinvertebrate samples were collected at sites 1-7 with a kick net. The 
net was moved across the stream while rocks and debris were disturbed using the method 
of Bode et al. (1996). Invertebrates were preserved in 70% ethanol and transported to the 
lab where they were separated from debris and identified. 
Chemical Analyses 
PCBs- . Samples from four sites were analyzed for PCBs by gas chromatography 
(Method 8082, USEP A l 996a) by Ecology and Environment, Buffalo, NY (2004): 61 
meters upstream in Tributary #3 (site 6), the confluence of Tributary #3 and Brockport 
Creek (site 5), 46 meters downstream in Brockport Creek from the confluence (site 4), 
and 122 meters downstream in Brockport Creek from the confluence (site 3). Each 
sample was extracted with a hexane-acetone solvent following the Soxhlet extraction 
'(Figure 3, Method 3540C, USEPA 1996b). A lµL sample of the extraction was injected 
into two pesticide columns measuring thirty meters long, 0.53 mm diameter, and al .Oµm 
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thickness. Blank and spiked samples were run with each field sample to confirm 
accuracy. 
Metals-. Sediment samples were digested using nitric acid and hydrogen 
peroxide and eight metals (Arsenic, Barium, Cadmium, Chromium, Copper, Lead, 
Nickel, Zinc) were analyzed with a Thermo Elemental IRIS 1000 ICP-AES (Ecology and 
Environment 2004). Blank and spiked samples were run to confirm accuracy. Two 
sediment samples were analyzed for metals by Ecology and Environment, Inc. (2004), 
one from 61 meters upstream in Tributary #3 (site 6) and the other from the confluence of 
Tributary #3 with Brockport Creek (site 5), following standard ICP methodology. The 
remaining five samples (sites 1-4 and 7) were analyzed for metals by Dr. Mark Noll at 
SUNY Brockport using the same method (6010b, Rev. 2, USEPA 1996c) in order to 
produce consistent results. 
Test Organism Culture 
Daphnia magna- . To establish a laboratory culture, Daphnia less than 24 hours 
old, received from NYDEC in Avon, NY, were placed in 2-L jars filled with distilled 
water. According to standard culturing methods (Neuderfer 2000, USEP A 2002), an air 
bubbler and thermometer were placed in each jar to maintain saturated dissolved oxygen 
levels and to verify that temperatures were about 20 °C. A strip light with timer, mounted 
over the jars, maintained a 16-h light/8-h dark photoperiod cycle. Daphnia were fed three 
times per week with W ARD's Rotie Rich food and cultured algae. Water was changed 
every two weeks, and animals were placed in new jars as numbers increased. 
To provide food for the Daphnia, a separate 4-L jar was filled with distilled water 
and a few fathead minnows to start a biological community. A small filter prevented 
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-buildup of organic material and fouling of the water. The tank was placed by a window to 
begin an algal culture subsequently identified as Ankistrodesmus convolutus and A. 
falcatus by Mary Arnold, a SUNY Brockport lab technician. 
Hyalella azteca- . To establish a laboratory culture, amphipods received from 
NYDEC in Avon were placed in 2-L jars filled with distilled water and foam filter 
substrates. An air bubbler and thermometer were placed in each tank to maintain 
saturated dissolved oxygen levels and to verify that temperatures were 23 ± 2 °C 
(Neuderfer 2000). A strip light with timer, mounted over the jars, maintained a l 6L/8D 
photoperiod. The amphipods were fed three times per week with soaked sugar maple 
leaves and newly hatched brine sluimp (Neuderfer 2000). Water was changed every two 
weeks, and animals were placed in new jars as numbers increased. 
Pimephales promelas-. To establish a laboratory culture, fathead minnows were 
collected with minnow traps in the campus ponds during October 2003 and March 2004. 
They were held in 400-L tanks in the Aquaculture Laboratory until toxicity testing. They 
were fed Tetra Min flake food daily, and water changes were performed each week. 
Biological filters were used to decrease the organic load in the tanks. For the 
neutralization of chlorine and chloramines in the tap water, 118 rnL of sodium thiosulfate 
was dissolved in 1 gal of distilled water, and 30 mL of solution was added to every 60 
liters of tap water during once-weekly water changes. 
Toxicity Testing 
Daphnia 48-h test (USEPA 1994)- . A 500µm sieve was used to collect newly 
hatched neonates. Daphnia from each 2-L jar were slowly poured into the sieve over a 
second jar filled with distilled water. Newly born Daphnia fell through the sieve; adult 
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and juvenile Daphnia caught in the sieve were placed back in their original jar. Daphnia 
neonates were allowed to grow until the next day. 
The acute, 48-h Daphnia magna test was conducted in 130-mL beakers. In each 
beaker, 50 mL of sediment was added to 50 mL of distilled water. The solution was 
mixed and allowed to settle overnight. A photoperiod of l 6L/8D was maintained, and 
temperature was held constant at 20 ± l °C using a water bath. Ten neonates less than 
24 h old were placed into each beaker and observed at 24 and 48 h for mortality. 
Overlying water was replaced every 24 h in order to maintain dissolved oxygen levels. 
Four replicates with distilled water controls were tested for sediment from each of the 
sites. 
Daphnia 10-d test (USEP A 1994)-. The chronic, 10-day Daphnia magna test 
was conducted in the same manner as the 48-h test with the following exceptions. Only 
one neonate less than 24 hours old was placed in each beaker. Water changes were done 
daily in order to maintain dissolved oxygen levels. Observations were made every other 
day, and consisted of recording temperature, pH, and dissolved oxygen concentration 
with handheld Pin Point meters (American Marine, Inc.). Survival, and number of 
offspring produced were also recorded. Two replicates and a distilled water control were 
tested for sediment from each of the seven sites. 
Hyalella 10-d test (USEP A 2000)-. A 500µm sieve was used to obtain newly 
hatched amphipods less than 24 hour old in the same manner as described above for 
Daphnia. Amphipods that passed through the sieve were placed in a new tank and 
allowed to grow for 7-10 days. Dissolved oxygen, photoperiod, temperature and feeding 
regime were maintained as described above for Daphnia. 
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... 
The acute, 10-day Hyalella azteca test also was performed with 130-mL beakers. 
In each beaker, 50 mL of sediment was mixed with 50 mL of distilled water, and the 
solution was allowed to settle overnight. The beakers were held in a recirculating bath 
adjusted to deliver two volume turnovers a day. Photoperiod was set at 16L/8D and 
temperature was held constant using a submersible heater set at 23 +/- 2 °C. One hundred 
amphipods, 7-10 days old were preserved in a sugar-formalin solution to be used, 
according to the USEPA protocol, as an archive comparison. Twenty amphipods were 
measured to get an average length and the remaining 80 were dried and weighed to get an 
average weight. The archived sample provided the starting lengths and weights that were 
compared to the final lengths and weight of test organisms. 
At the start of the test, ten amphipods, 7-10 days old, were placed in each beaker. 
A fine mesh screen was placed over each jar to stop amphipods from escaping. Water 
changes and feeding with newly hatched brine shrimp were done daily. Temperature and 
dissolved oxygen were measured daily; pH and conductivity were measured at the start 
and end of the test with handheld Pin Point units. Mean survival, and the difference 
between ending and beginning weights, of organisms exposed to each sediment sample 
were recorded on the tenth day and compared with a distilled water control. Five 
replicates and a control were done for each sediment sample. 
Hyalella 42-d test (USEPA 2000)-. The chronic, 42-day Hyalella azteca test 
was performed in the same manner as the 10-d test with the following exceptions. Four 
replicates with a control were done to dete1mine survival and changes in length and 
weight through the first 28 days. Temperature was measured daily, while dissolved 
oxygen and pH were measured three times per week, and conductivity once per week. At 
- 10 -
.... 
the end of 28 days, amphipods were sorted from the sediment using a white plastic tray, 
counted and preserved in sugar-formalin solution for comparison to the lengths and 
weights of control and archived samples according to the USEP A (2000) protocol. 
Five more replicates were done to determine survival, weight, length and 
reproduction of Hyalella though 42 days. After 28 days, surviving amphipods were 
picked out of the sediment using a white plastic tray, data was recorded as per the 28-d 
test, and they were placed back into a 130-mL beaker with only distilled water for the 
remaining 14 d. On day 35, offspring were counted and removed. Survival, length and 
weight were recorded, and the adult amphipods were put back into their beakers. On day 
42, survival, length and weight of adults and number of offspring were recorded again. 
Pimephales promelas 96-h test (USEPA 1994)-. An Ace Diluter system was set 
up to run acute, 96-h fathead minnow toxicity tests. For each test, 3-L of sediment from 
each site along Brockport Creek was placed in a 500-L fiberglass effluent tank filled with 
1 OOL of tap water and treated with sodium thiosulfate to neutralize chlorine and 
chloramine. Air stones were added to keep a constant supply of dissolved oxygen in the 
water, and an aerator/chiller was set to maintain a constant temperature of 20°C +/- 2 °C. 
An identically set-up tank received only 100 L of sodium thiosulfate-treated tap water for 
diluent. The diluter system (Appendix 3) was run for 48 h before starting each 
experiment to make sure all chlorine and chloramine were neutralized and temperature 
and dissolved oxygen were stable and saturated, respectively. The reservoir tanks were 
refilled to 100 L every 8-10 hours once the test began. Ten fathead minnows were placed 
in each of four 10-L holding jars and allowed to acclimate overnight. Four 
diluent:effluent concentrations (3: 1; 1: 1; 1 :O; control, 0: 1) were tested for each sediment 
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sample. The test was run for 96 h or until 100% mortality occurred. Mortality, dissolved 
oxygen concentration and temperature were recorded daily. Two replicates and a control 
were run for each sediment sample according to the USEPA (1994) protocol. 
Pimephales promelas larvae 7-d test (USEPA 1994)-. The chronic, 7-d fathead 
minnow larval test was performed in the same manner as the 96-h test, using newly 
hatched larvae from NYDEC in Avon, with the following exceptions. Twenty larvae 
were preserved in a sugar-formalin solution for an archive. The archived fish were 
measured, then dried and weighed, to get an average starting length and weight. 
Beakers (1 L) were filled with 200 mL of sediment from each site along 
Brockport Creek and 800 mL of water that was allowed to settle before starting a test. 
Five replicates with a control were performed. Ten newly hatched larvae were placed in 
each beaker and allowed to grow for seven days. Temperature was maintained using a 
warm water bath set at 23° +/- 2 °C. The overlying water was replaced daily in order to 
maintain an adequate supply of oxygen. At the completion of the test, the surviving 
larvae were counted and preserved in sugar-formalin solution and the length of each larva 
and group weights were determined. 
Data Analyses 
Following the completion of each toxicity test, the total surviving organisms were 
counted in each replicate and averaged for each sediment sampling site. Survival at each 
site was compared to average survival in control jars (water only) to assess if differences 
were significant in relation to exposure to sediments. Within seven days of the 
termination of the toxicity tests, the lengths of individual test organisms and the weights 
of groups in each treatment were determined. Average length and weight values were 
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subtracted from initial or archive values to get average length and weight gains or losses 
among organisms exposed to sediments at each site the controls. Average difference 
values for length and weight were used in the statistical analyses. 
Potential differences between sediment toxicity at the seven sites and their 
controls were dete1mined by following a statistical flow diagram (Appendix 4) provided 
with each of the USEPA (1994, 2000, 2002) test methods. Each data set was assessed for 
normality using the Shapiro-Wilks Test and for homogeneity of variance using Bartlett's 
Test. If nonnality and homogenous variances assumptions were met, one-way ANOV A 
was performed to dete1mine significance (Statistix 8 2003). If a data set was not nonnally 
distributed, it was logarithmically transformed and Kruskall-Wallis non-parametric 
ANOVA was used to assess potential differences between sites and their controls. 
A biotic index was calculated for each site following the method of Beck (2005), 
which follows the original method of Hilsenhoff ( 1975). The index is based on dividing 
selected Orders of aquatic inve11ebrates into three classes based on their sensitivity to 
pollution. Class I organisms are most sensitive; these include mayflies (Ephemeroptera), 
stoneflies (Plecoptera), and some caddisflies (Trichoptera). Class II organisms are 
moderately tolerant to stream pollution; these include water beetles (Coleoptera), 
amphipods (Amphipoda), sow bugs (Isopoda), and some caddisflies. Class III organisms 
are pollution tolerant; these include aquatic earthworms (Oligochaeta), leeches 
(Hirudinea), and true flies (Diptera). The index is calculated by the number of Orders in 




PCB analysis of composite sediment samples from sites 3-6 (Figure 2) revealed 
three Arochlors-1242, 1254 and 1260 (Figure 4). Total PCB concentrations (Table 1) 
ranged from lows of 288 ug/g 122 meters downstream from the confluence of Tributary 
#3 and Brockport Creek (site 3) and 290 uglg 61 meters upstream in Tributary #3 (site 6 
where contaminated sediment had been removed) to highs of 432 uglkg at the confluence 
(site 5) and 361uglg46 meters downstream from the confluence (site 4). With the 
exception of arsenic, metal concentrations were lowest at site 6 where sediments were 
removed, but no site stood out as having overall higher metal concentrations (Table 1 ). 
Benthic Invertebrate Analyses 
There were few differences in physical characteristics at the seven sampling sites 
for benthic invertebrates. Tree cover of the creek was substantial and stream depths 
varied from 0.5-1.0m. Sediment composition was mostly sand and gravel with few rocks 
larger than 2 cm in diameter. 
The Family Chironomidae (Order Diptera) was the most prevalent benthic 
invertebrate taxon at the seven sites (Table 2). The number oftaxa and total number of 
individuals generally increased with distance downstream from the confluence of 
Tributary #3 and Brockport Creek. Biotic index values calculated for sites 1, 2, 4, 5 and 7 
categorized these sites as moderately polluted or disturbed (Table 3). Sites 3 (122 meters 
downstream in Brockport Creek from the confluence) and 6 (61 meters upstream in 
Tributary #3) were categorized as grossly polluted or disturbed. 
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Toxicity Testing Results 
Survival Rates at Sites 1-7 vs. their Controls (Table 4)-. Very few control 
organisms died in any of the seven survival tests conducted (n = 33 control chambers). 
Overall, sites 4 ( 46 meters downstream from the confluence of Tributary #3 and 
Brockport Creek) and 5 (at the confluence of the creeks) had the highest number (five 
each) of toxicity tests with significantly (P < 0.05) or suggestively (0.05 < P < 0.1) lower 
survival rates than their controls. Site 3 (122 meters downstream from the confluence of 
the creeks) had the lowest number of tests (two) with significantly or suggestively lower 
survival rates than their controls. The other four sites (1, 2, 6 and 7) each had four tests 
with significantly or suggestively lower survival rates than their controls. 
In the acute, 48-h Daphnia tests, survival was significantly lower after exposure 
to sediments from sites 1-5 (the confluence of Tributary #3 with Brockport Creek and all 
downstream sites) than for their controls, but there were no differences in survival after 
exposure to sediments from sites 6-7 (sites upstream from the confluence) and their 
controls. In the acute, 10-d Hyalella tests, survival after exposure to sediments from sites 
4 and 6 was significantly lower than for their controls and the results were suggestive of 
lower survival at site 7; there were no differences between survival after exposure to 
sediments from sites 1-3 and 5 and their controls. In the chronic, 28-d Hyalella tests, 
survival after exposure to sediments from sites 1, 2 and 7 was significantly lower than for 
their controls and the results were suggestive oflower survival at sites 5 and 6; there were 
·no differences in survival after exposure to sediments from sites 3-4. In the chronic, 35-d 
Hyalella tests, survival after exposure to sediments from sites 1-2 and 4-7 was 
significantly lower than for their controls and the results were suggestive of lower 
- 15 -
L 
survival at site 3. In the chronic, 42-d Hyalella tests, survival after exposure to sediments 
from sites 4-6 was significantly lower than for their controls and the results were 
suggestive oflower survival at site 1; there were no differences in survival after exposure 
to sediments from sites 1-3 and 7. In the acute, 7-d larval fathead minnow tests, survival 
after exposure to sediments from sites 2, 4 and 5 was significantly lower than for their 
controls and the results were suggestive oflower survival at site 7; there were no 
differences in survival after exposure to sediments from sites 1, 3, and 6. In the acute, 96-
h fathead minnow test, there was no mortality after exposure to sediments from any sites. 
Comparisons of Survival Rates at Sites 1-7 (no Controls) (Table 5)-. The three 
test organisms showed significant differences in survival. Daphnia exhibited the highest 
sensitivity to the sediment samples with survival increasing in progression upstream 
toward the confluence of Brockport Creek and Tributary #3. Hyalella showed significant 
differences in survival among the seven sites in the 10-day test only, with lowest survival 
rates at site 4 below the confluence of Tributary #3 and Brockport Creek. Larval 
Pimephales exhibited a survival response somewhat like Daphnia, with the downstream 
sites exhibiting greater toxicity than sites closer to the confluence. 
Comparisons of Changes in Weight vs. their Controls (Table 6)-. In the acute, 
10-d Hyalella tests, gains in weight after exposure to sediments were significantly greater 
at site 7 than for controls and the results were suggestive of greater weight gains at sites 2 
and 6; there were no significant differences in weight gain between sites 1 and 3-5 and 
controls. In the chronic, 28-d Hyalella tests there were no significant changes in weight 
between animals exposed to sediments and controls. In the chronic, 42-d Hyalella tests, 
gains in weight after exposure to sediments were significantly lower at sites 4 and 6 than 
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for the controls and the results were suggestive oflower weight gains at site 3; otherwise, 
there were no significant changes in weight between organisms exposed to sediments and 
controls. In the acute, 7-d larval fathead minnow tests, there were no significant changes 
in weight between organisms exposed to sediments and controls for any of the sites. 
Comparisons of Changes in Length vs. their Controls (Table 7)-. In the acute, 
10-d Hyalella tests, increases in length after exposure to sediments were significantly less 
at site 1 than for its controls and the results were suggestive of smaller length gains at 
sites 2, 3 and 6; no differences from controls were found for sites 4, 5 and 7. The chronic, 
28- and 42-d Hyalella tests revealed no significant changes in length between organisms 
exposed to sediments from the seven sites and their controls. In the acute, 7-d larval 
fathead minnow tests, gains in length after exposure to sediments was significantly lower 
at sites 1, 2, 5 and 6 than for their controls and the results were suggestive of smaller 
length gains at sites 3 and 7; only the results for site 4 did not differ from the controls. 
Comparisons of Changes in Weight and Length at Sites 1-7(no Controls) (Tables 
8 and 9)--. For Hyalella and Pimephales, no effect of sediment exposure on length and 
weight was observed. They did show similar responses in length and weight across sites. 
Comparisons of Changes in Offspring Production vs. their Controls (Table 10)-. 
In the chronic, I 0-d Daphnia tests, the average number of offspring after exposure to 
sediments was significantly lower at sites 1 and 2 than for controls and the results were 
suggestive of fewer offspring at site 4; there were no significant differences in offspring 
production between sites 3 and 5-7 and controls. In the chronic, 42-d Hyalella tests, the 
average number of offspring produced after exposure to sediments was significantly 
lower at sites 2-4 and 6-7 than for controls, but results for sites 1 and 5 did not differ. 
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Comparisons of Offspring Production at Sites 1-7 (no controls) (Table 11 )-. 
Daphnia exhibited high sensitivity to sediments from the seven sites while Hyalella 
showed no significant offspring responses. Sites farthest downstream from the confluence 
of Tributary #3 and Brockport Creek showed the greatest impacts on offspring, with the 
upstream sites exhibiting lower impacts. 
Patterns of Toxicity (Table 12)- . There were no patterns in growth (weight and 
length) and offspring production rates among the seven sites. There were significant or 
suggestive differences in survival-sites closest to the confluence of Tributary 3 and 
Brockport Creek exhibited the lowest impacts with sites further downstream exhibiting 
progressively greater impacts. Finally, Daphnia was much more sensitive to sediment 
exposure than Hyalella and Pimephales. 
Discussion 
In 2002, approximately 2,140 metric tons of sediment was removed from 
Tributary #3 and the General Electric site along the Erie Canal by the NY Department of 
Environmental Conservation; contaminated trees and drainpipes were removed as well. 
Following removal, new drainpipes were installed, a new streambed for Tributary #3 was 
excavated and trees were planted. At the General Electric site, remediation also has 
begun. On-site leaching is being monitored and machinery to reduce contamination of 
groundwater has been installed (NYDEC 2004). 
Reduction of Contaminants 
PCBs-. There are still contaminants present in Tributary #3 and Brockport 
Creek; however, following the cleanup in 2002, concentrations in sediments have 
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decreased dramatically. PCB concentrations in Tributary #3 before the cleanup ranged 
from 1,730 to 34,900 ug/kg (Ecology and Environment 2004), levels toxic to aquatic 
organisms and humans (USEPA 1986, MacDonald 2000)). Following the cleanup, PCB 
concentrations in Tributary #3 ranged from 290 to 432 ug/kg, well below reported toxic 
levels to aquatic organisms and humans (USEP A 1986, MacDonald 2000; Table 1 ). 
Although still present in the sediment, PCB concentrations are probably not a significant 
threat to fish and invertebrates in Tributary #3. Concentrations available for uptake via 
respiration or absorption in the water column are orders of magnitude lower than 
concentrations found in the sediment. Aquatic organisms that inhabit or feed off on the 
bottom are the most susceptible to contaminant uptake. The cleanup in 2002 by the DEC 
included Tributary #3 from the contamination source (GE Site) to the confluence with 
Brockport Creek, but no portions of Brockport Creek. Therefore, it was no surp1ise to 
find elevated levels pf PCB's in Brockport Creek sediments near the confluence. 
Metals-. The number of detectable heavy metals in Tributary #3 and Brockport 
Creek decreased from twenty-two to eight after the cleanup in 2002 (Ecology and 
Environment 2004; personal communication; Dr. Mark Noll, Department of the Earth 
Sciences, SUNY Brockport). Following the cleanup, concentrations of the remaining 
metals- arsenic, barium, cadmium, chromium, copper, nickel, lead and zinc-ranged 
from 0.8 to 172 ug/kg; the lowest concentrations were found at site 6 in Tributary #3 
where sediments were removed. Barium and zinc concentrations were higher than the 
other metals at all sites, with peak concentrations occurring in Brockport Creek upstream 
from the confluence with Tributary #3 (site 7). 
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Brockpo1t Creek still contains relatively high concentrations of heavy metals at 
sites above and below its confluence with Tributary #3, findings supported by the results 
of the toxicity tests and benthic invertebrate aquatic health indices. The Lawton Road 
(site 1), 46 meters below the confluence (site 4), and 61 meters upstream in Brockport 
Creek (site 7) sites had elevated levels of cadmium, nickel, lead and zinc compared to 
background levels (MacDonald 2000). The site 61 meters upstream from the confluence 
in Brockport Creek had higher levels of metals than most sites, with zinc being the 
highest among all sites. These findings suggest that Brockport Creek as a whole is 
contaminated, most likely due to a variety of human activities in the watershed. 
Before the cleanup, all metal concentrations in Brockport Creek and Tributary #3 
were well above water quality criteria (USEP A 1986, ATSDR 2005, MacDonald 2000), 
with the peak zinc concentration at site 7 almost 100 times greater than the established 
criterion for aquatic organisms and human consumption (Table 1 ). Concentrations of 
metals decreased substantially in Tributary #3 following the cleanup. The smallest 
number of metals and their lowest concentrations occurred at the confluence and 200 ft 
upstream in Tributary #3, which suggests that sediment removal in Tributary #3 was 
partially successful. Due to the close proximity of the confluence to the lower reaches of 
the cleanup, some of the clean soil may have drifted downstream and deposited over 
contaminated sediment at the confluence. Sites downstream from the confluence showed 
consistent increases in metal concentrations and that may be negatively affecting the 
aquatic organisms that inhabit those areas (see below). 
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Benthic Invertebrate Community Health 
According to the simplified Benthic-Index of Biotic Integrity, benthic invertebrate 
community quality was lowest at sites 6 (almost certainly due to the large amount of 
sediment/established habitat removed during cleanup) and 3 (122 meters downstream 
from the confluence). I expected that sites 5 and 4 (the reaches of Brockport Creek 
closest to the original contamination source) would have been more impacted than site 3. 
However, the same covering of fresh sediment that may have resulted in lower metal 
concentrations at sites 4 and 5 (see above) may have been thin enough not to bury the 
invertebrate community and thick enough to reduce its exposure to toxic concentrations 
of metals. Also, habitat for benthic invertebrates at site 3 may have been poor due to 
housing developments on either side of the stream and a close proximity to a nearby road 
where runoff routinely enters the stream. 
Sediment Toxicity 
Sediments from all seven sites showed some degree of toxicity. In comparison 
with the controls, exposure to stream sediments had somewhat fewer high than medium 
or low impacts on test organism survival and growth (Table 12). Following the DEC 
cleanup, the sites cJosest to the tributary showed the lowest impacts with the sites furthest 
downstream showing the highest impacts. Most test organisms survived exposure to the 
test sediments with no differences in weight or length among the seven sites, but showed 
significant differences in offspring production. Sites fiuthest downstream from the 
tributary showed the highest impacts on offspring production with sites closest to the 
tributary showing the lowest impacts. This suggests that the contaminants present in the 
creek are not generally lethal but at concentrations high enough to affect reproduction. In 
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comparison to the controls, there was no apparent pattern of toxicity in relation to the 
sampling sites along Brockport Creek. For this reason, the results were analyzed without 
the controls to determine if there were differences among the sampling sites. 
As the distance downstream increased from the contamination site, sediment 
toxicity to Daphnia increased. This suggests that contaminants have been transported 
downstream or that other factors (e.g., the highway bridges near the sites at Route 104-
site 2 and Lawton Road-site 1) are affecting sediment quality. Except for the 10-day 
acute test, Hyalella (a sediment dwelling isopod) exhibited no differences in survival 
among the sampling sites. Except for site 5 (the confluence), Pimephales exhibited a 
toxicity pattern among the sites similar to Hyalella. Larval fish occasionally contact 
sediment but they inhabit the water column for the most part. The time needed to absorb 
toxic concentrations is apparently longer than the time my organisms were tested (7 d). 
Among the organisms tested, Daphnia was much more sensitive to sediment 
exposures than Hyalella and Pimephales. Due to their extensive movement throughout 
the water column and partial contact with the bottom sediment while resting, Daphnia 
may come into direct contact with contaminants that are easily absorbed through their 
lipid-containing, thin exoskeleton. 
Literature Review 
In a review of the literature, all studies dealing with the remediation of 
contaminated sediment from a stream bed do show significant improvements in the health 
of the aquatic community. The removal of contaminated sediment form the Black River 
near its mouth in Lorain, OH showed a significant reduction in P AH and PCB levels 
(Baumann, 2000). The author related the improvement in conditions to the closure of the 
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contamination facility and the removal of contaminated sediment. Following the 
restructuring of the streambed, lower contaminant levels, a reduction in fish tumors, and 
an increase in fish populations occurred. 
Den Besten et al. (1995) demonstrated toxic levels in sediment from the Rhine 
and Meuse Rivers, Netherlands by using Daphnia magna bioassays. Following the results 
of the bioassays, field work also supported the results by finding a "macro fauna 
community poorly developed, a low number ofbenthic species, and a high dominance of 
species regarded as relatively tolerant to chemical pollution." After remediation of the 
contaminated sites and new sediment deposition, an ecotoxicological evaluation revealed 
a new healthy community of aquatic macrofauna including fish and aquatic plants. 
A report by the Sediment Priority Action Committee (1999), it was concluded that 
it is beneficial not only to the aquatic organisms but also to the community to have 
contaminated sediment remediation. The costs to remediate a contaminated site outweigh 
the costs ofhann that may occur long tenn if contaminants are left alone. By removing 
the contaminated sediment, restrictions on recreational use including fishing may be 
removed which would also benefit the community. It is best to remove contaminated 
sediment immediately while contaminants are concentrated in small areas and easier and 
less expensive to remove. By leaving contaminated sediment alone, the risk of dispersal 
throughout the stream and ingestion/absorption by aquatic organisms is increased. 
Conclusion 
Exposure to sediments in Brockport Creek was often more toxic to test organisms 
than the control, especially for Daphnia and for reproductive outcomes, but sediment 
toxicity at the site ofremoval (site 6) was no higher than elsewhere in the creek. The 
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cleanup of Tributary #3 appears to have been successful. However, concentrations of 
metals remain high and sediment toxicity, especially reproductive effects, was observed 
throughout in Brockport Creek. Therefore, I recommend additional monito1ing of 
sediments throughout the Brockpot1 Creek watershed to determine if additional 
contamination sources exist or if high background concentrations of metals and low 
quality benthic invertebrate communities (as measured by the index I used) are normal 
for the Brockport region. 
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Table 1. Concentrations of total PCB and metals in sediments at seven sites in Brockport 
Creek and a tributary near an abandoned industrial site after removal of contaminated 
sediments including aquatic and human criteria. Aquatic and human criteria came from 
MacDonald (2000), USEPA (1986), and ATSDR (2005). Site 1 =Lawton Road, Site 2 = 
State Highway 104, Site 3 = 122 meters downstream in Brockport Creek from its 
confluence with Tributary #3, Site 4 = 46 meters downstream in Brockport Creek from its 
confluence with Tributary #3, Site 5 = confluence area, Site 6 = 61 meters upstream in 
Tributary #3 from its confluence with Brockport Creek (site from which contaminated 
sediments were removed), Site 7 = 61 meters upstream in Brockport Creek from its 
confluence with Tributary #3 (see Figure 2). ns = not sampled; nd =not detected. 
Aquatic Aquatic Human 
Criteria Criteria in Criteria Site Site Site Site Site Site 
in Water 1 ~ J ~ ~ Q 
PCBs (l!l!b} Sediment 
Total 676 0.030 0.000079 ns ns 288.3 361.0 431.7 290.5 
Metals (ppm) 
Arsenic 33 0.812-97 0. 175 I .I 3.5 3.4 2.0 5.46 2.45 
Barium I 50 l 73.0 134.9 115.4 104.2 77.0 60.3 
Cadmium 4.98 0.001 - 28 0.010 0.7 0.9 0.9 0.8 0.43 0. 14 
Chromium 111 0.745 170 19.8 19.5 22.7 24.1 19.2 6.6 
Copper 149 0.004 - 0.060 I 16.I 15.5 22.2 28.2 nd nd 
Lead 128 0.012 - .128 0.050 64.3 18.8 21.9 29.5 25.4 7.3 
Nickel 48.6 0.056- .160 0.632 17.0 19.0 23.5 17.1 nd nd 













Table 2. Invertebrates collected at seven sites in Brockport Creek and a tributary near an 
abandoned industrial site after removal of contaminated sediments. Site 1 = Lawton 
Road, Site 2 = State Highway 104, Site 3 = 122 meters downstream in Brockport Creek 
from its confluence with Tributary #3, Site 4 = 46 meters downsh·eam in Brockport Creek 
from its confluence with Ttibutary #3, Site 5 =confluence area, Site 6 = 61 meters 
upstream in Ttibutary #3 from its confluence with Brockport Creek (site from which 
contaminated sediments were removed), Site 7 = 61 meters upstream in Brockport Creek 
from its confluence with Tributary #3 (see Figure 2). 
Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 
Megaloptera '" 
Sialidae 2 - - - - - -
Gastrapoda 4 - - - - - -
Oligochaete 1 43 - - - 2 9 
Diptera ~ 
Tipulidae 2 - - - - - -
Chironomidae 55 24 104 19 49 6 20 
Simulidae - 2 - - 1 - -
Trichoptera ' .. " " 




- - - - 1 - -
Hvdropsychidae 
- - - - 3 - 8 
Amphipoda .. 
Gammaridae 9 4 7 4 69 - 23 
Ephemeroptera 
- --
Heotaqeniidae 3 - - - - - -
Mollusca 16 - 4 1 3 - 4 
Coleoptera 
Elmidae 7 18 10 - - - 1 
Psephemidae 
-
1 - - - - -
lsopoda 2 7 8 11 40 1 26 
Plecoptera ·.:. 
Capniidae 1 - - - - - -
n 106 99 133 35 166 9 91 
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T able 3. Biotic index [2*(n in Class I) + (n in Class II), where n :;:: number of taxa in each 
pollution class across Orders] scores and pollution categories at seven sites in Brockport 
Creek and a tributary near an abandoned industrial site after removal of contaminated 
sediments. Site 1 :;:: Lawton Road, Site 2:;:: State Highway 104, Site 3 = 122 meters 
downstream in Brockport Creek from its confluence with Tributary #3, Site 4:;:: 46 meters 
downstream in Brockport Creek from its confluence with Tributary #3, Site 5 = 
confluence area, Site 6 = 61 meters upstream in Tributary #3 from its confluence with 
Brockport Creek (site from which contaminated sediments were removed), Site 7 :;:: 61 
meters upstream in Brockport Creek from its confluence with Tributary #3 (see Figure 2). 
Site 1 Site 2 
Group #Taxa Pollution Class Group #Taxa Pollution Class 
Megaloptera 1 2 Amphipoda 1 2 
Gastrapoda 1 3 'Diptera 2 3 
Oligochaete 1 3 lsopoda 1 2 
Diptera 3 3 Coleoptera 1 2 
Trichoptera 1 2 Coleoptera 2 3 
Amphipoda 1 2 Oligochaete 1 3 
Ephemeroptera 1 1 Biotic Index 3 
Coleoptera 1 3 Moderate Pollution 
lsopoda 1 2 Site4 
Plecoptera 1 1 Group # Taxa Pollution Class 
Biotic Index 8 Amphipoda 1 2 
Moderate Pollution Decapoda 1 1 
lsopoda 1 2 
Site 3 Diptera 1 3 
Group #Taxa Pollution Class Biotic Index 4 
lsopoda 1 2 Moderate Pollution 
Coleoptera 1 3 Site 5 
Amphipoda 1 2 Group # Taxa Pollution Class 
Annelida 1 3 Annelida 1 3 
Diptera 1 3 Trichoptera 2 2 
Biotic Index 2 Amphipoda 1 2 
Gross Pollution lsopoda 1 2 
Diptera 1 3 
Biotic Index 4 
Moderate Pollution 
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Site 6 Site 7 
Group #Taxa Pollution Class Group #Taxa Pollution Class 
Diptera 1 3 Oligochaete 1 3 
lsopoda 1 2 Trichoptera 1 1 
Oligochaete 1 3 Coleoptera 1 2 
Annelida 1 3 Diptera 1 3 
Biotic Index 1 Amphipoda 1 2 
Gross Pollution lsopoda 1 2 
Biotic Index 5 
Moderate Pollution 
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Table 4. Percent survival (+/-SE) of organisms exposed to sediment rinse water from six 
sites in Brockport Creek and one site in a tributary near an abandoned industrial site after 
removal of contaminated sediments, in comparison with unexposed control organisms. 
Site 1 = Lawton Road, Site 2 = State Highway 104, Site 3 = 122 meters downstream in 
Brockport Creek from its confluence with Tributary #3, Site 4 = 46 meters downstream in 
Brockport Creek from its confluence with Tributary #3, Site 5 =confluence area, Site 6 = 
61 meters upstream in Tributary #3 from its confluence with Brockport Creek (site from 
which contaminated sediments were removed), Site 7 = 61 meters upstream in Brockport 
Creek from its confluence with Tributary #3 (see Figure 2). Significant differences 
(P<0.05) in bold; suggestive differences (0.05 < P < 0.1) in italics. 
Test Site 1 Site 2 Site3 Site4 Site 5 Site6 Site 7 Control 
Acute, 48-h Daphnia (N=4 per 28 38 40 68 73 93 95 
treatment) +/-4.8 +/-7.S +/-4. I +/-4.8 +/-2.5 +/-4.8 +/-2.9 100 
P-value vs. controls 0.0000 0.0002 0.0000 0.0005 0.0000 0.160 0. 130 -
Acute, I 0-d Hyalella (N=5 per 82 72 82 54 86 64 66 
treatment) +l-5.8 +/-11.6 +/-4.0 +/-4.0 +/-5. 1 +/-6.8 +l-10.3 100 
P-value vs. controls 0.200 0.120 0.250 0.0005 0.4 10 0.0034 0.065 -
Chronic, 28-d Hyalella {N=4 per 68 43 65 93 63 65 33 
treatment) +/-13. l +/-4.8 +/-22.5 +/-4.8 +l-18 +/-14.4 +/-14.9 100 
P-value vs. controls 0.048 0.001 0. 160 0.160 0.082 0.051 0.0040 -
Chronic, 35-d Hyalella (N=5 per 82 70 82 54 62 44 70 
treatment) +/-7.3 +/-9.5 +l-9.2 +/-14.4 +/-13.9 +l-15 +/-10 100 
P-value vs. controls 0.040 0.013 0.085 0.012 0.025 0.0058 0.017 -
Chronic, 42-d Hyalella (N=5 per 50 58 60 38 38 32 44 
treatment) +l-10.0 +/-15.3 +l-5.5 +/-10.7 +/-8.6 +/-12 +/-16.3 100 
P-value vs. controls 0.066 0280 0.110 0.019 O.Oll 0.014 0.100 -
Acute, 7-d Larval Fathead Minnow 80 50 78 68 44 76 70 
(N=5) +/-3.2 +/-11.4 +/-8.0 +/-3.7 +/-6.0 +/-8.7 +l-5.5 100 
P-value vs. controls 0.600 0.024 0.640 0.010 0.0003 0.520 0.073 -
96-h, Fathead Minnow (N=5 per 
treatment) 100 100 100 100 100 100 100 100 
P-value vs. controls -




Table 5. Percent survival(+/- SE) of organisms exposed to sediment rinse water from 
six sites in Brockport Creek and one site in a tributary near an abandoned industrial site 
after removal of contaminated sediments. Site 1 = Lawton Road, Site 2 = State Highway 
104, Site 3 = 122 meters downstream in Brockport Creek from its confluence with 
Tributary #3, Site 4 = 46 meters downstream in Brockport Creek from its confluence with 
Tributary #3, Site 5 = confluence area, Site 6 = 61 meters upstream in Tributary #3 from 
its confluence with Brockport Creek (site from which contaminated sediments were 
removed), Site 7 = 61 meters upstream in Brockport Creek from its confluence with 
Tributary #3 (see Figure 2). Sites with the different letter designations (a, b, c, d) belong 
to heterogeneous groups (i.e., they are significantly different) following one-way 
ANOV A and Tukey's HSD test of all pair-wise comparisons. 
Tefil Site 1 Site2 Site3 Site 4 Site 5 Site 6 Site 7 
Acute, 48-h Daphnia (N=4 per 
treatment) 28+/-4.8d 38+/-7.5d 40+/-4.J" 68+/-4.Sc 73+/-2.5-oc 93+/-4.8111> 95+/-2.9° 
Acute; I 0-d Hyalel/a (N=5 per 
treatment) 82+/-5.8•h 72+/- I I .6abc 82+/-4.000 54+/-4.0c 86+/-5. I" 64+/-6.8bc 66+/- I 0.3•tic 
Chronic, 28-d Hyalella (N=4 per 
treatment; P = 0.156) 68+/-13.1 43+/-4.8 65+/-22.5 93+/-4.8 63+/-l 8 65+/-14.4 33+/-14.9 
Chronic, 35-d Hyalella (N=5 per 
treatment; 82+/-7.3 70+/-9.5 82+/-9.2 54+/-14.4 62+/-13.9 44+/-15 70+/-10 
p = 0.231) 
Chronic, 42-d Hyalel/a (N=5 per 
treatment; 50+/-10 58+/-15.3 60+/-5.5 38+/-10.7 38+/-8.6 32+/-12 44+/-16.3 
p = 0.577) 
Acute, 7-d Larval Fathead 
Minnow (N=5) 80+/-3.28 50+/-I l .4•b 78+/-8.0° 68+/-3.7°b 44+/-6.0b 76+/-8.7°b 70+/-5.5"b 
96-h, Fathead Min now (N=5 per 
treatment; 100 100 100 100 100 JOO 100 
P = 1.000) 
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Table 6. Change in weight(+/- SE) of organisms exposed to sediment rinse water from 
six sites in Brockport Creek and one site in a tributary near an abandoned industrial site 
after removal of contaminated sediments, in comparison with unexposed control 
organisms. Site 1 = Lawton Road, Site 2 = State Highway 104, Site 3 = 122 meters 
downstream in Brockport Creek from its confluence with Tributary #3, Site 4 = 46 meters 
downstream in Brockport Creek from its confluence with Tributary #3, Site 5 = 
confluence area, Site 6 = 61 meters upstream in Tributary #3 from its confluence with 
Brockport Creek (site from which contaminated sediments were removed), Site 7 = 61 
meters upstream in Brockport Creek from its confluence with Tributary #3 (see Figure 2). 
Significant differences (P<0.05) in bold; suggestive differences (0.05 < P < 0.1) in italics. 
Test Site 1 Site2 Site3 Site4 Site 5 Site 6 Site 7 Control 
Acute, 10-d Hyalella (N=S 
0.30 0.41 0.33 0.28 0.33 0.36 0.49 0.26 
per treatment) +/-0.03 +/-0.05 +/-0.09 +/-0.08 +/-0.03 +/-0.02 +/-0.03 +/-0.04 
P-value vs. controls 0.44 0.053 0.51 0.85 0.20 0.075 0.002 -
Chronic, 28-d Hyalella (N=4 0.31 0.38 0.39 0.39 0.51 0.46 0.32 0.51 
per treatment) +/-0.14 +/-0.09 +/-0.32 +/-0. 15 +/-0.17 +/-0.18 +/-0.22 +/-0. 13 
P-value vs. controls 0.34 0.45 0.75 0.58 0.98 0.83 0.49 
-
Chronic, 42-d Hyalella (N= S 
0.82 0.95 0.62 0.48 J.04 0.43 0.9 0.92 
per treatment) +/-0.2 +/-0.04 +/-0.12 +/-0. 16 +/-0.27 +/-0.15 +/-0.11 +/-0.07 
P-valuevs. controls 0.65 0.65 0.062 0,038 0.66 0.018 0.86 
-
Acute, 7-d Larval Fathead 
3.9E-4 0.05 -0.010 0.099 0.048 0.071 0.037 0.039 
Min now (N=:'5) +/-1.4E-5 +/-0.04 +/-0.04 +/-0.03 +f-0.03 +/-0.047 +/-0.04 +/-0.02 




Table 7. Change in length(+/- SE) of organisms exposed to sediment rinse water from 
six sites in Brockport Creek and one site in a tributary near an abandoned industrial site 
after removal of contaminated sediments, in comparison with unexposed control 
organisms. Site 1 = Lawton Road, Site 2 =State Highway 104, Site 3 = 122 meters 
downstream in Brockport Creek from its confluence with Tributary #3, Site 4 = 46 meters 
downstream in Brockport Creek from its confluence with Tributary #3, Site 5 = 
confluence area, Site 6 = 61 meters upstream in Tributary #3 from its confluence with 
Brockport Creek (site from which contaminated sediments were removed), Site 7 = 61 
meters upstream in Brockport Creek from its confluence with Tributary #3 (see Figure 2). 
Significant differences (P<0.05) in bold; suggestive differences (0.05 < P < 0.1) in italics. 
Test Site 1 Site 2 Site3 Site4 Site 5 Site 6 Site 7 Control 
Acute, 10-d 
Hyalella (N=5 per I .6+/-0.04 l .8+/-0.06 / .9+/-0.07 l .9+/-0.11 2.0+/-0.14 l.7+1-0.16 2.l+/-0.05 2. l+/-0.12 
treatment) 
P-value vs. controls 0.004 0.067 0.078 0.28 0.55 0.063 0.57 -
Chronic, 28-d 
Hyalella (N=4 per 2.4+/-0.25 2.3+/-0.1 1 2.l+/-0.60 2.7+/-0.12 2.5+/-0.2 2.3+/-0.18 2.0+/-0.55 2.5+/0.08 
treatment) 
P-value vs. controls 0.64 0.12 0.46 0.33 0.92 0.38 0.38 
-
Chronic, 42-d 
Hyalella (N=S per 3.2+/-0.2 3.2+/-0.2 3.l+/-0. l 2.5+/-0.6 3.2+/-0.3 2.3+/-0.6 2.6+/-0.1 2.8+/-0. l 
treatment) 
P-value vs. controls 0.080 0. 10 0.23 0.61 0.33 0.40 0.15 -
Acute, 7-d Larval 
Fathead Minnow 0.4+/-0.12 0.5+/-0.10 0.7t/-0.08 0.6+/-0. 19 0.5+/-0.1 I 0.5+/-0.09 0.6+/-0.13 0.9+/-0.07 
(N=5) 
P-value vs. controls 0.006 0.015 0.060 0.16 0.015 0.0074 0.098 -
- 35 -
Table 8. Change in weight(+/- SE) of organisms exposed to sediment rinse water from 
six sites in Brockport Creek and one site in a tributary near an abandoned industrial site 
after removal of contaminated sediments. Site 1 =Lawton Road, Site 2 =State Highway 
104, Site 3 = 122 meters downstream in Brockport Creek from its confluence with 
Tributary #3, Site 4 = 46 meters downstream in Brockport Creek from its confluence with 
Tributary #3, Site 5 =confluence area, Site 6 = 61 meters upstream in Tributary #3 from 
its confluence with Brockport Creek (site from which contaminated sediments were 
removed), Site 7 = 61 meters upstream in Brockport Creek from its confluence with 
Tributary #3 (see Figure 2). Suggestive differences (0.05 < P < 0.1) in italics. 
Test Site 1 Site 2 Site3 Site4 Site 5 Site6 Site 7 
Acute, 10-d Hyalel/a 
(N=5 per treatment; P 0.30+/-0.03 0.4/+/-0.05 0.33+/-0.09 0.28+/-0.08 0.33+/-0.03 0.36+1-0.02 0.49+/-0.03 
= 0.065) 
Chronic, 28-d 
Hyalella (N=4 per 0.31 +/-0.14 0.38+/-0.09 0.39+/-0.32 0.39+/-0. l 5 0.51+/-0.17 0.46+/-0. l 8 0.32+/-0.22 
treatment; P = 0.990) 
Chronic, 42-d 
Hyalel/a (N=5 per 0.82+/-0.20 0.95+/-0.04 0.62+1-0.12 0.48+1-0. 16 l.04+/-0.27 0.43+/-0.15 0.90+/-0. I/ 
treatment; P = 0.086) 
Acute, 7-d Larval 
Fathead Minnow 




Table 9. Change in length(+/- SE) of organisms exposed to sediment rinse water from 
six sites in Brockport Creek and one site in a tributary near an abandoned industrial site 
after removal of contaminated sediments. Site 1 = Lawton Road, Site 2 = State Highway 
104, Site 3 = 122 meters downstream in Brockport Creek from its confluence with 
Tributary #3, Site 4 = 46 meters downstream in Brockport Creek from its confluence with 
Tributary #3, Site 5 =confluence area, Site 6 = 61 meters upstream in Tributary #3 from 
its confluence with Brockport Creek (site from which contaminated sediments were 
removed), Site 7 = 61 meters upstream in Brockport Creek from its confluence with 
Tributary #3 (see Figure 2). Sites with the different letter designations (a, b) belong to 
heterogeneous groups (i.e., they are significantly different) following one-way ANOV A 
and Tukey's HSD test of all pair-wise comparisons. 
Test Site 1 Site2 Site3 Site4 Sites Site6 Site 7 
Acute, I 0-d Hyalella (N=5 
l.6+/-0.0b l .8+/-0. l nh l.9+/-0.1 •h l .9+/-0. 1 •b 2.0+/-0.100 I .7+/-0.2•b 2. I+/-0.0' 
per treatment; P =0.0431) 
Chronic, 28-d Hyalel/a 
(N=4 per treatment; P = 2.4+/-0.2 2.3+/-0.1 2.J+/-0.6 2.7+/-0.1 2.5+/-0.2 2.3+/-0.2 2.0+/-0.5 
0.772) 
Chronic, 42-d Hya/el/a 
(N=5 per treatment; P = . 3.2+/-0.2 3.2+/-0.2 3.J +/-0.1 2.5+/-0.6 3.2+/-0.3 2.3+/-0.6 2.6+/-0.1 
0.231) 
Acute, 7-d Larval Fathead 
Minnow (N=5; P = 0.727) 0.4+/-0. J 0.5+/-0.10 0.7+/-0.1 0.6+/-0.2 0.5+/-0.11 0.5+/-0.0 1 0.6+/-0.1 
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Table 10. Offspring production(+/- SE) of organisms exposed to sediment rinse water 
from six sites in Brockport Creek and one site in a tributary near an abandoned industrial 
site after removal of contaminated sediments, in comparison with unexposed control 
organisms. Site 1 = Lawton Road, Site 2 =State Highway 104, Site 3 = 122 meters 
downstream in Brockport Creek from its confluence with Tributary #3, Site 4 = 46 meters 
downstream in Brockport Creek from its confluence with Tributary #3, Site 5 = 
confluence area, Site 6 = 61 meters upstream in Tributary #3 from its confluence with 
Brockport Creek (site from which contaminated sediments were removed), Site 7 = 61 
meters upstream in Brockport Creek from its confluence with Tributary #3 (see Figure 2). 
Significant differences (P<0.05) in bold; suggestive differences (0.05 < P < 0.1) in italics. 
Test Site 1 Site2 Site3 Site4 Site 5 Site 6 Site 7 Control 
Chronic, I 0-d Daphnia (N=2 per 
treatment) 3+/- 0.5 2+/- 0.0 6+1-0.5 5+1-0.5 6+/-0.0 
1 l+/-1.5 12+/-2.0 8+/-1.0 
P-value vs. controls 0.03 0.02 0.15 0.08 0. 18 029 0.2 1 -
Chronic, 42-d Hyalella (N=S per 
treatment) 4+/-1.0 3+/-1.3 2+/-0.6 2+/-0.9 4+/-3.5 1+/-0.6 3+/-1.0 I 2+/-3.5 
P-value vs. controls 0.05 O.G3 0.01 0.02 0. 13 0.01 0.03 -
I 
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Table 11. Offspring production(+/- SE) of organisms exposed to sediment rinse water 
from six sites in Brockport Creek and one site in a tributary near an abandoned industrial 
site after removal of contaminated sediments. Site 1 = Lawton Road, Site 2 = State 
Highway 104, Site 3 = 122 meters downstream in Brockport Creek from its confluence 
with Tributary #3, Site 4 = 46 meters downstream in Brockport Creek from its confluence 
with Tributary #3, Site 5 =confluence area, Site 6 = 61 meters upstream in Tributary #3 
from its confluence with Brockport Creek (site from which contaminated sediments were 
removed), Site 7 = 61 meters upstream in Brockport Creek from its confluence with 
Tributary #3 (see Figure 2). Sites with the different letter designations (a, b, c) belong to 
heterogeneous groups (i.e., they are significantly different) following one-way ANOV A 
and Tukey's HSD test of all pair-wise comparisons. 
Test Site I Site 2 Site3 Site 4 Site 5 Site 6 Site 7 
Chronic, I 0-d Daphnia(N=2 per 
treatment; P 5 0.001) 3+/-0S 2+/- 0.0c 6+/-0.5"" 5+/-0.5" 6+/-0.0"" I l+/-J.5•b 12+1-2.0• 
Chronic, 42-d Hyalella(N=S per 
treatment; P = 0. 111) 4+/-1.0 3+/-1.3 2+/-0.6 2+/-0.9 4+/-3.5 J+/-0.6 3+/-1.0 
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Table 12. Overall comparison of the toxicity results among the three test organisms. Site 
I =Lawton Road, Site 2 = State Highway 104, Site 3 = 122 meters downstream in 
Brockport Creek from its confluence with Tributary #3, Site 4 = 46 meters downstream in 
Brockport Creek from its confluence with Tributary #3, Site 5 = confluence area, Site 6 = 
61 meters upstream in Tributary #3 from its confluence with Brockport Creek (site from 
which contaminated sediments were removed), Site 7 = 61 meters upstream in Brockport 
Creek from its confluence with Tributary #3 (see Figure 2). 
Test Performed Hif!h Imoact Medium Imoact Low Imnact 
Survival 
48-h Daphnia 1,2,3 4,5 6,7 
10-d Hyalella 4 2,6,7 1,3,5 
28-d Hyalella No differences 
35-d Hyalella No differences 
42-d Hyalella No differences 
7-d Pimeohales 2,5 4,6,7 1,3 
96-h Pimephales No differences 
Weh?ht 
lO:d Hyalella No differences 
28-d Hyalella No differences 
42-d Hyalella No differences 
7-d Pimephales No differences 
Length 
10-d Hvalella No differences 
28-d Hyalella No differences 
42-d Hyalella No differences 
7-d Pimephales No differences 
Offspring 
produced 
10-d Daphnia 1,2 3,4,5 6,7 
42-d Hyalella No differences 
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Figure 1. General Electric superfund site (box) in Brockport, NY, the source of 







Figure 2. Sediment sampling sites in Tributary #3 and Brockport Creek. Site 1 = Lawton 
Road, Site 2 = State Highway 104, Site 3 = 122 meters downstream in Brockport Creek 
from its confluence with Tributary #3, Site 4 = 46 meters downstream in Brockport Creek 
from its confluence with Tributary #3, Site 5 = confluence area, Site 6 = 61 meters 
upstream in Tributary #3 from its confluence with Brockport Creek (site from which 
contaminated sediments were removed), Site 7 = 61 meters upstream in Brockport Creek 
from its confluence with Tributary #3 
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Figure 3. Method 3 540C Soxhlet Extraction Method. 
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Figure 4. PCB concentration, by Aroclor, in sediments of Tributary #3 (61 meters 
upstream, site 6), the confluence of Tributary #3 and Brockport Creek (site 5), and 
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Appendix 1. Generic structure of the polychlorinated biphenyl (PCB) molecule. 
3' 2' 2 3 
4' 4 
para 
5' 6' 6 5 
meta ortho 
Structure of Polychlorinated Biphenyl (PCB) Molecule 
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Appendix 2. Photographs of test organisms. 







B. Hyalella azteca. 
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C. Pimephales promelas. 
- 48 -
Appendix 3. Diagram of diluter system used for acute, 96-h fathead minnow tests. 
Sediments from each site were tested in different diluent:sediment concentrations (3:1; 
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Appendix 4. Decision tree for analysis of survival, growth and reproduction data 
subjected to hypothesis testing (USEP A 2000). 
Data· Survival. Growth. and Reproduction 
1 
Test for Normality 
Noyal ~ Shapiro-Wilk's Test (N < 50) ~Non Normall 
Tests for Homogeneity of Variance J .J, 
.J, '---------'=----'--=================:>_T~ransfolrmation? Heterogenous Variances 
Bartlett's 11 Hartley's 
l~ __ R_a_n~k_rt_s_~~'1#(~~N~o'--lL_ ___ >3 __ R_e~p_lic_a_te_s __ _, 
Homogenous Variances 
Yes, n> 2 _J, 
No,n=2 ) i 
ttest for 
ANOVA Unequal Variances 
:r: 
_,::f:R•plicacti:~ comparison-wise Alpha 





Steel's Many-OJ Wilcoxon 
Rank Test with Bonferroni's 
i 
Endpoint 
Figure 16.7 Decision tree for analysis of survival, growth, and reproduction data subjected to hypothesis testing. 
